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CYPOGEN 27128 OF DIPLOID AND HAPLOID CULTURES DERIVED FROM
BACTERIUM J50LI, SIRAIN K-12

Ethelyn Lively

The isolation of diploid cultures of Bacterium coli, sirain K-12, (Lederberg, 1949)

has provided an avenue of approach to cyltogenetics of bgcteria. In this work, "diploid"'
refers ‘o unstable protoirophs which arose from crosses of auxotrophic mutants, and
which are heterozygous for one or more sugar fermentation loci, in which the parents
differ. They are identified genetiqﬂﬁy by plating on a complete nutrient agar medium
containing eosin-methylene blue indicator, plus the aporopriate sugar. If laciose is
added, for insiance, this medium is called EMB-lac. Since the ability to ferment sugar
is dominant Lo its absence, a diploid hégerozygous for lactose fermentation w1111$2:;,
lac Zco onies on this médium, but lig-t sectors will appear as the lac - haploid conponent
segregates during the growih of the colony. Such a strain is called Lac v (variegated
colonies}. The following laboratory abbreviations for media will be wmed in this paper:

ZMB.....Bosin- methylene blue, complete (peptone)

EMS.....Bosin- metiylene blue, synthetic, which does not support the growth of

auvxotrophs.
_ N8A.....Nutrient saiine agar, Difco plus .5% NaCl.

The current investigation deals with a cytological IAY/EEBIgdiidd comparison of

di:loids with theif:ﬁaplgid parents, segregants, and wild type K-12. The methods employed
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are nuciear staining by Robinow's technique (Xlieneberger-.obel, 1950), and more recently,
obsgrvgtion of living cells with a dark phase contrast micros:ope. Diploid cultures have seer
been distincuished from daplojd by these methods but it has not been conclusively shown
tha: the difference devends on the number or size of the chromatinic sbructures which
Zobinow has called cAromosoies (DuboSa, 1945).

for nuclear staining, blocks of agar from a plate spread wibh bacteria are cut
ovt and »laced in small “slri dishes for incubaliion. A% dpsired time intervals, dishes
are re ovad from ire in.ubator and Invarte’ ove¥ small wide-mouthed bottles of Osmic a:id.
-~e vapor fixes Lthe sells as Lhey grow on “hs surface of agar; then, an impresisn of ihe
grow.n is printed on a coverslip. The bacteria on th: coverslin are post fixed in

-

ac“audinn(s reagent, washed in 705 al:omal, water, cold normal HC1l, and hydrolysed for
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1C¢ minut=2s in normal H.1l at 606)._ U ey are returned to cold Hll, water, phosphate buffer
al pHﬁ, stained with liemsa for 30 minutes, rinsed in buffer and mounted o4é slide in
the water gsoluble resin, Abopon.\%/

Observacions o living cells can e made on similar agar sections cut from the
same plate, provided a thin plate of -olorless medium (NSA) ie used. [ie small section
is mounted betwsen slide and Coverslip which have been sterilized by flaming, and the
edgzes are sealed with manometer grease.\g/ Ilhen the sli
observations or kept at room temperature on the microscope stage. This method for phase
microscopj is based on that described by Stempen(1950), working with B.coli and Proteus
vulgafis. He identified light bands in living cells with the chromatinic struciures that
stain with Feul~ven and Giemsa. These light bands are visable in th=s series of pictures
of K-12 (1--6). In this experiment, the lag phase was 3hours, and division time thereafter,
about 45 minutes. o d:fferentiatim at all is visable in the earliest picture made before
division began. At thés stage, cellé BE/ XA/ IAE on stained slides are aleo small and
poorly differentiated. (see pi:tures 7--9).

The same 3ausch ¢ Lomb research microscope with phase contrast aedessories is used
for vhase and for bright field photography. For the former, illumiration is provided by
a carbon arc lamp; for the latter, critical illumination from a ribbon filament lamp is
used, with a Wratien B (green) filter. The camera is a Bausch & Lomb L type.

In pictures 21, 22, 23, living cells under phase contrast are compared with stained
preparations from the same culture, pnotograpked with the same 97X phase ob'ective, and
in brighe field, with a 90X apochromatic ob'ective. The phase pictures show that osmic
acid fixation has not shrunken ths cells appreciably. All these pi:fures are contact

prints from 5 ¥7 Panatomic-X. or 3Super- Panchro-press Easimen Kodak film. Differences

1. Staining reagen:is:
Scraud? n's reagent: Hgul, 10gms.;Hp0, 20C:zc; Zthyl alcohbol, 1C60 zc.
Giemsa stain: Natinal Anilins Div. illied hem. and Dye .orp.
Dilute, about 5 drops in 10 :c HpO.
Abopon: Glyco Products Jo. Dilute with hea .ing, 2 prts to lprt. Hod.
2. Equal parts lanolén and Vasolin.
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in magnifiicationwere obta)~ed by using #ifferent microscope lenses, or varylng the exien-
sion of the camera bellows.

Different stained preparations of th: same strain siiow a rather wide range of vari-~
ability in size of cells and appearance of chromatinic structures. Uften the source of
variation is unknown and a particular aspect is not always reproducoble. In general,
the appearance of haplioid .K-12, during the logarithmig growth phase agrees wit:h -the
eariier similar study of B. coli by Robinow. (Dubose, 1945 ). See pictures 7--17 and 24-—29,
for culture cycle series of K-12 on NBA at 25.and 57’35 Yote the symetry of adjacent
chromatinic siru wures that obviously came from a recent division perpendicular to the
long ax s of the Cell. Iypicture 27, for example, a numbar of cells contain two seta of
double siruciuvres that look like anaprase figures. =Zach is symetrisal with respect to the
other set and with pespect to its two halves. Few cells are scen with Fess than two
distinct rods, bub tihis ‘s probaBly a matter of inability to resolve the very young cells
(pictures 7, 24,25). Tiis interpretation is the samz as Robinow's. If each rod is a
curomosome, as he b:lieves, the symelry of the paired structures indicates that they are
chromatids, raf er than two separate chromosomes, and the nu:lear unit is probably one
chromosome whizh may divide severa! t'mes prior to :ell division. +This agrees with the
genetic evidence for one linkage group in K-12 (Lederberg, 1947).

As cells in-rease in size, permiiting better resoluiion, of the chromatinic
structures, they tend Lo :hange from - ndensed rods to th nner, more numeroud bodies.

( compare pi tuvre 27 with 28 and with 30) [he same tendency is sometimes noted in K-12
grown at room tomperaiture as compared with 5793. (Jompare 1C with: 27). Sometimes hapio‘d
cultures in tiis stage, approach tie appearance of diploid :uliures where the occundanmcg of
larger cells with relativaéy disperse chromatinic structures is mu h more regular.

Since diploids are coniinuvally segregaiing, impressions from plates of :omplete

g

media give mixfures on tre slides of various proportions of diplo’'d and haploid cells.

Y

Uiplo’dy of ithe ino-ulum must be verified by heterozygosity Lests for the feruenbtation of
soume sugar. Of course, trere is no meilsd of -haracterizing single cells from a fix ed
prepara-’on. It is nol proven thati Lie large cells with rslatively disperse :hromacin
are diploid, bur wiatever is rosponsible for their occurgnce is more affeciive in diploid

than in hanl id -uliures.
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o test an ohserver's ability Lo differentiate betwesn hapioids and diploids
under ide~-izal zonditions, some experimenis were desi ned as follows: A lactose het-
erozygote was plated on EVS- lacz. Instead of variegated colonies, here, a lac v cell
will usua_ly produce a pure lac Zcolony secause the medfum lacks the am%po acids neces-

/
sary for the growt: of mosl of tie segregants. A&ew prototrosinic segregants will occur

on tie same plate, and Liose which are lac # cannst be distinguisited foom the diploid
colonies excepi by resirea - ing on ZMB-lac. Using suspensions of single lac Acolonies
as ino:zula, it has been possible Lo prediet which will be diploid from the cybblogical
appearance of the bacteria oa the EMB plate after 3 - 5 hours of growth at 37°3, and
before the genetic evidence became available the next day.

Beause of repor$s fr-m other laboratories os staining bacteria inflfected with
ba :teriophage, (luria,1930), it was thought that the p;esence in K-12 of the lysogenic
phage , Lambda, might be affecténg the apoearance of crromatin in both diploids and
nasloi’s. ‘ne experiment shows tiab this is probdbly not so. Dr. Esther Lederberg
provided the stocks from which both %ysogenic and A-free diploids zould be syntiltesized
for purposes of comzparison. (seed pictures 3C -- 35) One parent, W-588 is like K-12
in that it is lysogeni:, resistant to the phage it ca ries. The other, W-1248 is non-
iysogenic and resistant o A . It was derived from a sensitive strain, W-518 by selec-
tion with phage. OUytologically, there is no consiszent difference between the lysogenic
and non-lysogenic hanloids. A :ross was made by the EMS plating technique, and lacy
colonies were selscted. (Lederberg, 1949) 1In cross streak tests with the sensitive sirain,

caussd '
one diploid A/AW#d no lysis. 1 is A -free diploid, H-232, is cytologically indistingvisi-
able from Lhos= previously examined and {'rom a )\ #d ploid isolated from the same cross.
Apparently, ) cannot be detected by t:.is staining metiiod.

The interpretation that granular chromatinic structures, characteristic of diploid
sultures, represent two homologous hromosomes, compared Lo the one in haploids, is an
inferenze “rom genétics, which this cycologizal evidence neither supporis nor disproves.
‘here does not anpear to me twich as mich ¢ romatin in the large czells as in those from
aploid cultures, sut Dr. hans Ris h:s sug:ested an analogy Lo the spermaiocydbs in insecis
of the X % 0 sex type, where t{'e unpaired X may be helsropycznotic and appear ab meiotic

metaphase, ‘ust as iense as the other -hromosomes w'i:h ars paired.
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wo iip1§id stocks have proved varti ulérly useful for cytological experiments
becavse the characteristis chromatinic structure is very pronounced. [ ey are H—226
( lac 1/4 v @41 v Mal v Mtl vXylv) and B-257 ( same as H-226, but also segregating Por

- - T (e Bmaa Bh- ¢, 12-45) .

streptomy :in resistan:e). This heterozyzosiyy for so many characters,(including maliose
ferm nitation, which is usually hemizygous) may mean that they actually have more comp ete
nuclei, than the "aberrant heterozygotes" previously examined. (Lederberg 1949). They
are relativély stable diploids. Yaintained in liquid minimal medium , a high percentage
of the cells remain diploid and their segregation can be observed when they are plated on
E¥3 or HSA. 'o make the impression slided used for photographs 46- 49, about 105 cells
were .spread on an M3 p ate and fixed after about 5 liours growih. Iwo cell sizes are
very d s.inct. When the micro-colonies scen at low magnification‘(46)' are resolved, £
‘( 48, 39), some are seen to :onsisi of uniformly short cells with 2 or 4 compact nu:lear
bodies. OLrers consist of bigger and much onger cells which oftem h:ve their chromatin
neatly disiributed in aggregates of small granules. Some microcolonies zontain both types
of cell in sectors. (ne obvious assumption is t-at the short cells are haploid, the

long ones diploid, and the mixed microcolonies arose from diploid cells +that segregated.

Agdmn, there is no direct proof of these identitiss, but the folloging lines of
evidence are now being followed with the aim of describing the cytology of diploide and
riaploids on a cellular, rather Lhan a zultural basis:

1 - Jomparison of cutures from gendticly known segregants and dipl.ids:

Practizails all tre segregants from :-226 and H-267 are lac - because the diplsi: ds
ars setarozygous {ro ibe two :losely linked Lac]l and lach loci. All lac - colonies on an
E'B plate are segreganis and lhe two narental lac - loci are distinguishable as slightly
difrerent sradss of ligit coionies. A few cultures were prepared from H-226 segregants
identified in thés way and were found Lo consisi of uniformly srort ce!ls. (Pi:iures38-41)
It has not been determined whether they are consistentily smaller than the parent strains,

as the szall -eils in vhe mixed clones Prom dioloids seem to :e.

~

2 - Identifying :hara teristic staining Lypes with specific sizes o li‘ing cells, and

subsequentlys > ara Lerizing the !iving ce.ls oy observing their “ab’t and rate of

grow:h or by gene:.ic neans, or bo h.
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3- _ouparison of szries of siained preparations of ihese diploids under conditions
xnown to produce abnormally éigh proportions of haploid cells. Methods 2 and 3 will
be discussed Logeiher:
3row:h rates expsrimenis omparing -aploids and dipl ids by usual culiure plating
technicues ha'e no¢ been ;ttempted becauge of the difficulty of maintaining diploid cultures
owever, d'rect information on growth rates comes from Zelle's (1951)vexperiments with
these sira‘ns. He separated sinzle cells with a micro- manipulator, walched them grow info
misro-zolon es and tren picked them .p and identified them ~enétdegly. Diploid pedigrees
show that wien segregation oc.urs, one cell disides Lo form one which is haploid and
one, still diploid. "e has observad that the hanloid grows faster.
In my own experienze, Dark phase conirast observations of living bacteria have
boen Yslpful in establ!s ing growt" rates and obserfving inter and inira clonal size
variatisn, but ha e een little elp, so far, in clarifying the nature of ihe éhromatinic

3

siructures. In differen®t :xperiments, the lag nhase and division time of the same strain
at room temperature, h ve not always been ths same. Mo effort was made Lo keep the
temperature :onstani on :ihe microscope staze and other sources of wvariation between
experiments are the -oncentration ol bacteria and the thi:kness and moisture conteni of
the agar. ‘he series of K-12 (1--6) at 27 € is probably rouvghly comparable in hours
“0 the ons of H-267 (51 --69) for w .ich the plates wer: ‘ncubated at 37°0 for the first
45 ainut es, and subsequently grown at room wemperature, which was 23°C on that day.
It is obvious trat division proceeded faster in che K-12 series. In one experiment
.he growth rate and general living appearance of the paraents of H-267, wzre found to be
gimilar to ¥-12. (pi tures 5C =50).

In the diploid series (61 - 69) there are two distinct cell sizes "very small"
and "medium". The growth of four :ells can be traced separately for 8% hvurs. Jells
5 and 6 wers apparenily dead when slat d. Mo. 3 produced uniformly small cells from the
bzginning and divided ab a consistently faster fate tian ths other three. Nos. 1,2, and
4 producesi sslls of a uriform medi m size excep. for one "smake" in clone 1. It scemsrea-
sonable to assume thal no 5 was naploid and the others diploid atb time of plating.

‘e siide was left at room Le perature over n'ght and ths sams field obser ed the naxt

moruigg (69). [here w as no obvious crange in the proportion of very s:all to medium sells,
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and this field seemed .0 be representative of the whole slide. After piz:iure 69 was
made, the cells werz s-raped from the agar and streaked on EMB- Lac. Tie result was
w0s8:1y lac- colonies, ‘ndizating al.ost .omplete segregation. ‘his seems Lo contradict
the assumpiion that all the médium cells in pi.ture 89 are viable diploids. 1t is
possiblie trat many of the celis were dead. The slide was now watiched long enough on
the second day :o determ‘ne whether division was s-ill taking place. Pernaps the high?
proporiion of ‘aploid secreganis was caused .y differential survival rather than complate
segregation. Uorresponding stained slides of ths 21 hr. plate might have been informative,
But they were not made because slides from such crowded plates usually show very little
or are difficvlt to interpret. Picture 29 wis made from such a preparation of K-12. If
the large number of ghosts represent dead cells, and ths oaly 1 ving ones are those
has

containing chromatin, then it is obvious that such a ppopulation jf/¥¥¢ presented a
wjide opportunity for selective action. Possibly this is the way in wiich acid production
by growing bacteria actsto increase the proportion of haploids. This is a known effect
- of artifi:ially lowering the pH of cu.ture medium (Lederberg, unpublished). If this idea
is sorrect, one mizht expect stained slides of a preparation such as pi..ure 69 to show
patches of short :e lls containing chromatin, corresponding to the center clone in the picture.

In comparing stained with living cells certain tecinical d fferences must be kept
in mind. For fixing and staining, it is usually prac.ical Lo plate a lower dilution of
a culture tran zan be ueed for observing growtii. Even sections from the same plate are
sub’ect o different conditions under the microscope. 3esides periodic exposure to a
source of light and heat, :hey differ in that tiey are growing anaerobicadly in contact with
a cover slip. It is possible Lo cover the se tions w.ish will be uzed for fizaftion in a
gimilar manner and {ix from tiie .overslip rather tian the agar. A very li.itie experi enta-
tion wit. tliese aliernate meirods indicated that there is litlle differencé, but the agar

<o

method has been used here be:ause 1t szemed to resuvlt in bet er stains, andi,ths question
of variation still exisis.

In snite of “iheselimitations, sinilarities uetween stained and living cells of the
same age are close enough %o carse little hesitation in identifying the medium zells (in
AN i : o e o
icture 65) with the selis cantaining "diploidihtelei’  that make vp the majority of the

population of picturss 73 -75, and the fewer very small cells {n 73 -75) probably represent
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the tyve in :léane 3 of the living series.

"ris series was sun as a control in parallel with anotherpla-ing from the same
culture after Mltra -violet treatmeni. A 1/10 d:lution of the culture was irradiated for
20 minuvtes ai 5Cams. TImmediate vlaiing from ﬁy!ated and control on EMB - Iac ahowed
that survival (in the dark) was about 40%. The preparabion which was observed a‘ker

435 minutes, ani photographed at intervals

i

tizveafter may have been sub ect to light
reactivation (Kelner, 1949) from the arc lamp. T[he control was observed on a separate
bvlock of agarkn.the saze slide, and photograp s were taken alternately. (61 -91).

One effect of Ultra-viole’ uireatmert of diploids is a greatly increased proportion
of sesresants. Here, the assas plates showed 6C% more Lac - colonies after treatment.
nowever, it is dificult Lo counu iliese accurat:ly because many czoloniss that appear neg-
ative after 24 hours develop tiny lac fcenters when incubated for another night, indi-
cating itie delayed growti of one or a few diploid cells.

In the U.V. series (77 -91) again aséuming that the very small cells a-re haploid,

N T’u Siae dc'l‘b&wu‘ (VNS 3 PTIREP PP N
there is evidence for true s=gregat’on during the first few houss.? In pictures 83-83,
thereraré perhaps some of the medium sized cells in zlones 1 and 4, but most of the pop-
ulation consists of the very srall and a ti’rd "very large" t;pe. One of these was produced
at the first dividion of ceillo.6, while its sister eell produced many of the small type.
No.2 never produced anyt ing but very small cells, like o3 in the control. Nos. 3,and 5
probably :onsist entirely of the very large , slow growing t spe, albthough t is is hard to
determine because bot" clones have merged wiii neig:bors. [ie very large cells also occur
in the zonirol, but less frequenily (pi:tures 70 - 72) This "type" is prébably a heter-
ogenous result of many i1iffereni effects, bui the tentative suggestion is o?feréd that
some of them are cells wh ch are capable of giving rise to diploids at a later time, thus
accounténg for the delayed avpearance of diploid centers in haploid colonies.

- e Lhree sizes are also clearly distinzu shable in stained slides of the itreated
preparation, (18 - 23) but the typical "diploid apsearance” is conspicuousl; rare.: iobe
(Tn 21 - 23) that the very large cells contai-ing disperss chromatin appear mostydark
in phasge contrast, as do :Lhe very large living e@ells. T:is is probably due to their thick-

ness ratier than Lheir internai sbiructure,. he type containing condensed c¢ romatin (black




in 22, or brigit spots, in 23) are not so ez8ily related to any of the living cells at

a comparable time. Ihey may correspond Lo Lhe snake with the clear area in ths center

in picture 91l. After 21 hours such clear spobs had occured in practically all the very
large cells. Tley showed no further change when observed an hour late#. However these
light spots and squars areas in living cells may represent some phenomenon entirely differs
ent from the condensation of ciromatin.

In a previous ivradiatien experimesnt with H~226 (no photographs) many snakes
similar .o ihe one in picture 91 were observed after 5 hours at room Lemperature. One
which was wa ¢ ed for two hours was alive, as evidenced by two unegual divisions giving
rise Lo two small -ells from ore end. (similar Lo pizture &4, clone3) T here were variou s
‘brigiht bands and spots in this snake, that persisted for a wi'ile, then grew smaller and
after the first hour, disapvearsd completely, leaving tiie smake hozogsnsously dark. The
firs. division occured immedialsly after their disappearance. In another half hour Lhe spe
spots reappeared in the sams areas, .thsn disappeared, and the second division occured.

In the same culture, a number of zells having persisvent Xi{#f/oright bands, showed no
signs of lifs.

I: is not clear how the light area arose in pisture 9l. ‘Its position correspaonds
to a spot in Lhe previous pi:ziure that looks like a constriction, but may be the beginning
of the lizn. area. Another, though less spectacular example, occurs in the un;reatéd
~aploid snake in »istures 55 - 55. Apparent constrictions of the right end (Picture53)
have become prominan: liglh: spois (in 54) and disapseared complstely (in 35) No inber-
pretation will be abtempied vniil ti:is p' snomenon has been reproduced and z=nd more
carefully studied.

Ano;he¢7%eature of iLhe H-226 experiment $as the lysis of many of the zells, pre-
sumabls dus to U.V. activation and liberation of l-sogenic phage. (iwoff and Deibr ck,
vnpublisted) #rom a fisld of six :e ls, under oh.servation, Liree disapveared during the
fouth hoﬁr after ireatment, leaving only “aint ghosts. [!lis was observed only -nee in
the H& 267 experiment: Inatgy— 91 the long c¢ell in _.he corner of pizture 90 (out of

focus) was not here iie n Xt wmorning.
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Diplois culiures of 3. ¢ i, sirain K-12 hare been discinguished from haploid
cul-ures by means of nu:lear staining. The formef have 2 high proportion of reiatively
large cells with a distinctive type of chromatinic s.ructure.

‘he presence or anhssnce of the lysogenic phage , lambda probabl’ does not affedt
the HPLEAXAAAL/BE/S1//#f staining reaction of eitier diploids or haploids.

In certain relative y stable diploid stocks, known to be heterozygous for a
large nuvmber of facltors, two ce. 1l sizes are pariicularly distinct and can be éhown to
be localfzed in microcolonies, suggesting clonal growth from large diploid and small,
segregant cells.

Preliminary studies of thése s ocks by observation of living cells with a
dark ohase zantrast mierossope “*end %o suvoport this “vpothesis, and comparison of .-
living and stained zells from the same culture indicated that the t ;pe of chromatiinic
sbructure charasteristiz of diploid sultures, occurs predominaxtly in diploid cells..

"ltra-violet irradiation of di»nloids causes some haploidization, for which
there is pafallel ¢ ‘tological and genétic evidence. Irradiation also has a specific

f
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2zt on :he zrowih ha»it and ithe nuclear material of some ceils. Tris may be correlated

with a delayed zrowth of dinloid -:21ls.
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